Abstract Mutations in the core sequence of the HCV genome have been reported to influence treatment response, fibrosis progression, and hepatocarcinogenesis in Asian patients with genotype-1 chronic hepatitis C (CHC). In this issue, Miura et al. report data consistent with a causal relationship between the R70 ? Q70 core variant and hepatocellular carcinoma (HCC) risk in CHC genotype-1b patients, by the prospective evaluation of changes in the consensus sequence in the entire open reading frame between treatment failure and HCC development or end of follow-up, and validation of the initial findings in a confirmatory cohort. Furthermore, they observed an association between the IL28B genotype, which is believed to influence the immune response to viral infection, and the direction of time-dependent changes in core residue 70, with unfavorable IL28B genotypes linked to a preferential shift to the 70Q associated with HCC. Although this association needs to be validated in independent cohorts, and IL28B variants did not influence HCC risk, these results suggest that IL28B genotype might not only influence the behavior of the innate immune system in the presence of HCV genotype-1 infection but also shape the resultant viral evolution, with possible consequences on major clinical outcomes, such as HCC development, and treatment response.
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Keywords IL28B Á Chronic hepatitis C Á Hepatocellular carcinoma Á Core mutations Á Hepatitis C virus genome Á Steatosis Á Interferon lambda Chronic hepatitis C (CHC) affects roughly 170 million people worldwide and is a leading cause of cirrhosis and hepatocellular carcinoma (HCC), but its clinical course is highly variable, ranging from persistently inactive infection to rapidly progressing aggressive hepatitis. Therefore, considerable research effort has been devoted to understand the causes of such heterogeneity in disease evolution.
Inherited host factors influence fibrogenesis in CHC patients [1] , often by interacting with acquired risk factors, as exemplified by the synergic effect of overweight, alcohol, and the PNPLA3 I148M polymorphism in the pathogenesis of steatosis, a major cofactor of liver damage in CHC [2] [3] [4] [5] . Besides conditioning treatment response, viral factors also impact on disease evolution, and again the directly steatogenic HCV genotype-3 has been linked to accelerated fibrosis [6] .
The HCV core protein is implicated in disease pathogenesis, influencing several cellular pathways, including oxidative stress, cell proliferation, and steatosis, and exhibiting oncogenic potential in transgenic models [7] . Among other regions of the HCV genome, variations in the core sequence have been linked to disease progression and HCC risk in patients affected by genotype-1 HCV, which is the most common and difficult to cure viral strain. Amino acid substitutions at positions 70 and 91 of the core protein have been associated with treatment failure in Asian patients with CHC genotype-1b treated with interferon and ribavirin [8] , and with sustained viral response and viral dynamics during triple therapy with peginterferon, ribavirin, and the HCV protease inhibitor telaprevir [9] . Furthermore, mutations in the core sequence have been shown to influence HCC development in subjects with genotype 1 CHC who did not respond to antiviral therapy and also in those who achieved viral eradication [8, 10, 11] .
In this issue of Hepatology International, Miura et al. [12] confirmed the association between the R70Q core variant and HCC risk by evaluating changes in the consensus sequence in the entire open reading frame of CHC genotype-1b in Asian patients between treatment failure and HCC development or end of follow-up, and by validating the initial findings in a confirmatory cohort. They found that R ? Q changes at position 70 of the core sequence were frequently observed during follow-up in patients who developed HCC, so that the 70Q variant was significantly over-represented in affected patients compared to controls at the time of HCC development. In line with previous studies, patients with the 70Q variant showed also an accelerated decline in liver function indices. Although these results are not per se novel, the systematic unbiased evaluation of the entire open reading frame of HCV in prospectively followed patients who developed HCC and controls, and the validation of the associated mutations in an independent larger set of patients represent important strengths of this study. Most importantly, the authors went then on to analyze the relationship between viral features and the IL28B genotype, a host genetic factor influencing the immune response against HCV.
Genome-wide association studies have recently identified genetic variations near the IL28B gene, encoding for interferon (IFN)-k3, as a strong predictor of spontaneous and treatment-induced clearance of hepatitis C infection [13] [14] [15] [16] [17] [18] . Protective variants at the rs12979860 and rs8099917 loci have consistently been associated with faster decline in viral load and an approximately twofold higher sustained virologic response rate during standard of care treatment, particularly, in patients affected by the difficult to cure HCV genotypes 1 and 4 [19, 20] . The mechanism by which these genetic variants influence the outcome of HCV infection, i.e., whether they influence IFN-k3 expression by affecting gene transcription or are linked to a coding variant (Lys70Arg) of the IFN-k3 protein, is still debated [14, 18] . However, it is known that these variants result in a different pattern of activation of the innate immune system against HCV infection, as determined by the different basal and IFN-a induced expression of interferon-stimulated genes and inflammatory activity [21, 22] . Favorable IL28B variants, likely through the effect of inflammatory cytokines on lipid metabolism [23] , protect against the development of steatosis [24] and possibly steatosis-associated fibrosis progression and increased HCC risk [2, 4] . As a result, IL28B variants likely have no major effect on the fibrosis-progression rate in patients with ongoing HCV infection [6] , even if evidence is still controversial [25] . Even scanty data are available on the possible role of IL28B polymorphisms in determining the risk of HCC, and although a higher prevalence of unfavorable genotypes has been reported in one series, results were not controlled for the outcome of antiviral therapies [25] .
A novel finding reported by Miura et al. [12] consists of the association between IL28B genotype and the direction of time-dependent changes in core residue 70, with unfavorable rs8099917 genotypes linked to preferential shift to the 70Q. Although this association needs to be validated in independent cohorts of patients, as it was not reported in previous studies [9] , these results suggest that the IL28B genotype might not only influence the behavior of the innate immune system in the presence of HCV genotype-1 infection but also shape the resultant viral evolution, with possible consequences on major clinical outcomes, such as HCC development. This raises the question of whether host genetic make-up shapes viral evolution in response to immunity, and whether the resultant differences in the evolution of HCV quasi-species are implicated in the mechanism by which the IL28B genotype influences the outcome of acute HCV infection and treatment response. These are two key questions that will be answered provided the results of Miura et al. [12] are replicated in independent studies.
Another interesting aspect that has not so far been addressed in the literature concerns the relationship between HCV core variants and hepatic steatosis. Indeed, promotion of liver fat accumulation and the resultant inflammation, altered iron metabolism/oxidative stress, and insulin resistance are involved in the hepatocarcinogenesis promoted by the HCV core [7, [26] [27] [28] , but systematic data on the relationship between HCV core variants and steatosis are not available.
In the study of Miura et al. [12] , the IL28B genotype did not influence HCC risk [12] , suggesting that the relationship between core mutations and HCC is not straightforward, but other factors complicate the picture. It is tempting to speculate that the protection provided by unfavorable IL28B genotypes against inflammation [24, 29] may compensate for the association with the 70Q core variant and explain the lack of influence on HCC, but further studies evaluating prospectively the interaction among genotypes of IL28B, PNPLA3 (associated with steatosis and HCC in CHC [4] ), and HCV core mutants are needed to test this hypothesis.
In conclusion, the study by Miura et al. [12] confirms by an unbiased approach that variants of the core protein are risk factors for HCC in Asian patients with genotype-1 CHC. It also raises the possibility that the host genetic make-up, namely, the IL28B genotype, shapes viral evolution in response to the immune system, with possible implications for disease pathogenesis, resistance to antiviral therapy, and HCC risk. Further independent studies are warranted to validate these findings.
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